BACKGROUND
Liver is the second largest organ of human body occupying the right hypochondrium of abdominal cavity. The usual arterial supply of liver is common hepatic artery arising from celiac trunk. Coeliac trunk (CT) is a ventral branch of abdominal aorta which trifurcates into left gastric (LGA), splenic (SA) & Common hepatic arteries (CHA). Common hepatic artery is the largest branch of coeliac trunk in foetal & postnatal life, but in adults it is intermediate in size. It gives right gastric (RGA) & gastro-duodenal branches (GDA). After its origin from coeliac trunk, it courses antero-laterally below the epiploic foramen superior to the first part of the duodenum. The hepatic artery is subdivided into common hepatic artery (CHA) (from coeliac trunk to point of origin of gastro-duodenal artery) & hepatic artery proper (PHA) (from the point of origin of gastro-duodenal artery to its bifurcation) (Fig.1) . Then the proper hepatic artery ascends between the layers of right free border of lesser omentum anterior to portal vein & to the left of common bile duct. Before entering into liver parenchyma it divides into right & left hepatic arteries at porta hepatis.
The patterns of arterial supply are not constant. In variant patterns, the liver receives arterial flow through branches coming from superior mesenteric artery, left gastric artery, or, rarely from other arterial trunks [1] . In 1966, Michel [2] classified the vascular anatomy of variation into 10 types which was again modified by Hiatt [3] et al. into 6 types.
Variations in arterial pattern of supply to the liver should be known to surgeons specialised in hepato-biliary-pancreatic area and radiologists during their intervention procedures like chemoembolisation etc [1] .
Hence, this study attempts to observe the extrahepatic vascular branching patterns.
AIMS AND OBJECTIVES
To study a) The variation in the origin of common hepatic artery.
b) The variation in the branching pattern of common hepatic artery from the coeliac trunk to the porta hepatis.
c) The variation in the branches of Common hepatic artery.
MATERIALS AND METHODS
During routine dissection, 45 formalin embalmed adult human cadavers (34 male and 11 female, 45-70 years of age) with liver in situ were dissected to observe the extra-hepatic arterial pattern in the department of Anatomy of M.S. Ramaiah Medical College, B.R. Ambedkar Medical College, Bangalore Medical College, Sapthagiri Institute of Medical Science, Kempegowda Institute of Medical Science, Bangalore. Distorted and diseased bodies were excluded.
Standard median vertical incision (extending

RESULTS
from xiphi sternum to upper border of pubic symphysis) was given in the anterior abdominal wall. Superficial fascia, muscles and peritoneum were reflected to expose the abdominal aorta & its branches. Further dissection was done to expose the liver. The coeliac trunk was dissected and looked for the origin & branching pattern of common hepatic artery. The common hepatic artery was traced till the porta hepatis and any variations with respect to its origin, branches and presence of aberrant/accessory branches were noted. The findings were photographed using HD Digital Sony camera (16 megapixel).
In the present study, totally 15 types of branching patterns of the extra hepatic arterial system was observed. (Table 1) Out of the 10 Michel's hepatic arterial variations [2] , 3 were seen in the present study. Type I was most common, seen in 21(46.7%) livers. Type V was seen in 9(20%) and Type II in 1(2.22%) livers. Hence, in the present study, 12 types of other variations were found which are not included in Michel's classification of variation. Most common were trifurcation of CHA into GDA, RHA & LHA in 6 (13.33%) livers and origin of RGA from LHA in 6(13.33%) livers. 
DISCUSSION
In the present study, normal hepatic arterial pattern was observed in 46.7% livers. Arterial variants were found in rest (53.3%) of the livers.
Origin of common hepatic artery:
There were no variations with respect to origin of CHA in the present study. [3, 7, 8, 10, 18, 19, 21] . Variations in the extra-hepatic arterial pattern were observed to be more in the present study than the above mentioned studies. The type V variation is clinically significant in liver transplantation. During transplantation, accessory left hepatic artery has to be ligated close to its origin from left gastric artery in the donors having this variant pattern. When this liver from the donors with type V variant is reconstructed in recipient, surgeons should be aware that accessory LHA also should be anastomosed because accessory LHA will be supplying the segment II & III lobes of liver.
Type II variation (presence of replaced (aberrant) LHA arising from LGA): Besides the Type V pattern, the Type II pattern was found in 2.22% livers in the present study which was origin of replaced(aberrant) LHA from LGA. The incidence of this variation is less in the present study compared to previous studies and it could be due to less sample size. In the table no.4, it can be observed that the studies [2, 3, 7, 19] having more sample size (200,1000,1081 etc.) Michel's description showed higher incidence of occurrence of type II variation. Sehgal et.al. [18] mentioned a similar kind of percentage like the present study i.e the less incidence (4.17%) of occurrence of type II variation because the sample size was less (50) as compared to other studies [2, 3, 7, 19] . Hence, an increase in sample size would increase the incidence of variation. The presence of aberrant (replaced) or accessory LHA is important in the recipient (to make anastomotic channel) as well as in the donor (while ligation of LHA) during liver transplantation.
Post-transplantation hepatic arterial complications like stenosis & thrombosis can be due to small calibre of CHA. The small caliber of CHA is likely in the presence of replaced(aberrant) hepatic artery variation. The calibre of CHA is usually normal in the cases of accessory hepatic artery. Hence, the risk of the above mentioned complications due to small calibered CHA is more seen in the cases of completely replaced (aberrant) hepatic artery than in those with accessory hepatic artery [21] . Proper pre-operative evaluation of hepatic arterial pattern in these individuals will help to reduce such complications. during hepatectomy) can compromise the blood supply to stomach & duodenum leading to gastric and duodenal hypo-perfusion [16] . Hence this variant arterial pattern becomes relevant in liver surgerie.
Quadrification of CHA:
Abdullah et al. [10] mentioned the quadrification of CHA into RHA, LHA, GDA & RGA in one case as rare variation. Sureka et al [21] also showed the quadrification of CHA into RHA, LHA, GDA & MHA in 2.16% cases.. In the present study, two kinds of Quadrification of CHA were noticed. In one specimen, the CHA divided into GDA, LHA, RHA and CA. The second pattern showed quadrification of CHA which was also associated with origin of RGA from LHA (Fig.11) . The second pattern of quadrification was associated with RGA variation has not been mentioned in literature.
The Quadrification of CHA is very important during transfusion of chemotherapeutic agents through hepatic arteries due to the similar reason as mentioned with trifurcation of CHA.
So the RGA anomalies can be associated with anomalies of CHA both in trifurcation as well as in Quadrification.
Accessory LHA: In the present study, the Accessory LHA from LGA (Michel's Type V) was also found to be in association with other variations which has not been reported in literature. It was found to be in combination with presence of RGA from LHA in one liver (SPECIMEN NO. 27) and also with combination of two variations such as presence of replaced(aberrant) RHA from GDA & origin of RGA from LHA in one liver (specimen 14). In such type of cases, pre-operative evaluation of arterial anatomy is required as the level of ligation of the feeding blood vessels to the liver is dependent on these variations.
Normally, the GDA after taking origin from CHA runs downwards lying behind the second part of duodenum in close proximity with head of the pancreas. If there is a presence of replaced (aberrant) right hepatic artery arising from the GDA then care has to be taken to preserve the RHA while performing surgeries related to pancreas and duodenum. This replaced (aberrant) RHA can also be involved in tumours which are discussed further.
Trifurcation of CHA:
Normally, the CHA gives off the GDA and continues as PHA. The PHA then divides into RHA and LHA to supply the liver. In certain arterial pattern, the CHA divides into the RHA, LHA and GDA with the absence of PHA. This variation is described as trifurcation of CHA. When trifuraction of CHA was compared with other studies, the percentage of its incidence was lower around 2.3% [10] and 7.16% [21] as compared to 13.3% of the present study. This could be due to differences in study sample. Abdullah et al. [10] used the French population as study sample and Sureka et al. [21] did in North Indian population. The present study was done on South Indian population.
The variant trifurcation of CHA was found to be associated with other extra-hepatic arterial variations. In two livers (SPECIMEN NO. 3 & 12) (Fig.No.7 ), the trifurcation of CHA was found along with RGA arising from LHA. Another liver (SPECIMEN NO.4) (Fig.No.15) showed RGA arising from RHA in addition to the trifurcation of CHA. Hence 50% of trifurcation of CHA can be associated RGA arising either from RHA or LHA.
The anatomical variations of hepatic artery especially like trifurcation of common hepatic artery as found in the present study are important in recent oncologic interventional procedures like trans-catheter arterial chemoembolization, trans-arterial radionuclide therapy and placement of infusion pumps. Surgical placement of catheter is done usually in the GDA with the tip in the proximal GDA or in PHA perfusing RHA & LHA in an individual with normal hepatic arterial pattern. Hence, an alternate catheter position or placement of more than one catheter is required to ensure adequate tumour perfusion in cases with above mentioned variation [21] .
During surgery, the surgeons should be aware that the anomalies of CHA can be associated with RGA anomalies because ligation of CHA in such patients can compromise the blood supply to stomach. But this might not be serious due to the arterial anastomosis of RGA with LGA. of head of the pancreas [19] . During surgery of malignancies of head / uncinate process of pancreas, it is difficult to identify the replaced (aberrant) RHA originating from GDA & supplying the right lobe of liver in order to preserve it. If this artery gets damaged during pancreatic surgery, it can compromise the blood supply to liver leading to hepatic necrosis [21] . Hence Surgeons should be careful and aware of the presence of replaced(aberrant) RHA during surgery of above mentioned regions not to damage the replaced(aberrant) RHA.
In the present study, the accessory LHA was also found to be originating from GDA in one liver (Specimen 38). During transplantation of left lobe of liver, this variation is significant because the accessory LHA has to be reconstructed with the feeding vessels in the recipient. This is because when there is presence of the accessory LHA, it is the source of blood supply to segment II & III. This variant is also relevant during pancreatic surgery due to the similar reason mentioned with Accessory RHA variant from GDA. Variant origin of RGA: Accessory left gastric artery may play an important role in malignancy of lower oesophagus and fundus of stomach as it is the main feeding artery and a tumour vessel. Chemotherapeutic agents infused into the PHA with presence of accessory LGA from it can enter into the gastric mucosa through the accessory LG artery and can lead to gastric erosion [24] .
If we compare anomalies related to RGA and LGA, the RGA was mainly a replaced(aberrant) RGA taking origin from either the RHA or the LHA whereas the LGA was an accessory one along with the presence of regular LGA from Coeliac trunk. The RGA is more prone to variation than the LGA.
The extra hepatic arterial pattern variation could also be classified into variations related to hepatic artery branches originating from nonhepatic branches and variations related to nonhepatic branches arising from hepatic branches. This has been tabulated in table no. 2 and 3.
The tables 2 and 3 showed that hepatic artery branches arising from non-hepatic arteries are more common than the non-hepatic branches arising from hepatic artery branches. This could be explained based on the embryological blood supply to the liver. In early stage of embryo, there are three hepatic lobes: right lateral sector, paramedian sector & left lateral sector. In embryo, there are three hepatic arteries: right hepatic artery from SMA for right lateral segment, middle hepatic artery from CHA for para-median segment and left hepatic artery LGA for left lateral segment. The right and left hepatic arteries disappear and middle hepatic artery becomes hepatic artery proper in adult [15] . If the some part of embryonic right or left hepatic artery persists, it becomes accessory or replaced
Daseler et.al. [22] described the normal origin of RGA was from PHA (50% livers). The most common variant origin of RGA was seen from LHA followed by RHA. The present study also showed a similar pattern in the incidence of origin RGA. So the most common variant origin of RGA is from LHA.
The variant origins of RGA are important to know during infusion of chemotherapeutic agents into the liver through the hepatic arteries in hepatic carcinoma patients. In these cases chemotherapeutic agents can affect oesophageal & gastric mucosa after passing through RGA. It is also important for the donors during liver transplantation, because ligation of LHA or RHA can lead to vascular compromise to the stomach.
CONCLUSION
(aberrant)RHA or LHA. It forms the embryologic basis of origin of hepatic branches from nonhepatic artery. . Sometimes the embryonic and foetal pattern may persist and the middle hepatic artery, in that case, supplies the quadrate and caudate lobes of the liver.
Most of the ventral segmental branches disappear except 3 arteries which give rise to CT to foregut, SMA to mid-gut & IMA to hindgut. In early stage of development, the liver is enlarged in size compared to gut. Later stage, as the size of the liver decreases, the gut increases in size because most of the embryonic hepatic arteries regress & the arteries to gut expand. Since the coeliac trunk is the artery to foregut, it can form the basis of origin of hepatic arteries from non-hepatic artery.
Extra-hepatic arterial anatomy is variable in branching pattern. The knowledge of hepatic arterial branching pattern is an important prerequisite during surgery as well as during different interventional radiological procedures.
Among the Michel's classification, the most common extra-hepatic variation observed in the present study was type V (Origin of accessory LHA from LGA) followed by type II (replaced (aberrant)(aberrant) LHA from LGA). In addition, the present study observed 12 other different extra hepatic arterial patterns not mentioned in Michel's classification. The most common among them was trifurcation and quadrification of CHA, RGA from LHA and RGA from RHA. Some of these were coexistent. Other new variations have been documented like presence of accessory LHA from GDA, Accessory LHA from LGA associated with RGA from LHA and many multiple variations in the same specimen. There can be presence of non-hepatic branches from hepatic artery as well as hepatic branches from non-hepatic artery. This adds to the knowledge of the hepatic arterial anatomical variations which will be helpful during hepatic surgery.
These intricate details of arterial variations are of utmost interest to surgeons dealing with surgeries of the foregut derivatives. The identification of the arterial branching pattern preoperatively or preinvasively is essential for planning of the procedure and hence prevent complications.
Hence this study gives a meticulous and comprehensive data of extra-hepatic arterial variations. The limitation of our study is the small sample size. Further increasing the sample could give more varied patterns.
ABBREVIATIONS
